Introduction
We recently reached a new conjecture about the substorm trigger, which is often referred tO as the Kiruna coojecture [Kennel, 1992] . The conjecture suggests that the nearsEarth magnetotail is an important region 'for the substorm trigger. Examples of supporting evidence for this include (1) To understand substorm trigger mechanisms, it should be reasonable to examine substorm signatures observed in the near-Earth region. The characteristic timescale and spatial scale of magnetic fluctuations associated with tail current disruption, especially, should place important constraints on substorm trigger models. Lui et al. [1992] reported 15 substorm events in which turbulent magnetic fields were observed by the AMPTE/ CCE satellite near the equator. Among these events the event that occurred on August 28 (day 240), 1986, provides a unique opportunity because the satellite was in a tail current disruption region at a substorm onset and remained in the region for as long as 3 min. The event was originally reported by Takahashi et al. [1987] and was examined later by Lui et al. [!992] and Burkhart et al. [1993] from different viewpoints.
In our previous study [Ohtani et al., 1995 ; hereinafter referred to as paper 1] we also reexamined this event, as well as the other AMPTE/CCE tail current disruption events, by applying the fractal analysis [Higuchi, 1988 [Higuchi, , 1990 ] to the observed magnetic fluctuations. We found that (1) the magnetic fluctua-
OBSERVATIONS OF TAIL CURRENT DISRUPTION
tions have a characteristic timescale, which is several times the proton gyroperiod, and (2) the magnitude of the H (north-south) component fluctuations is larger than that of the other components by about 30%, suggesting that associated electric currents flow in various directions but flow preferentially parallel to the neutral sheet. From these results we inferred that these fluctuations are related to the trigger of the tail current disruption and that ions play an important role in their excitation.
In this study we extend our previous analysis of the August 28, 1986, event by examining simultaneous magnetic field measurements from the SCATHA satellite, which we found stayed at or near the neutral sheet separated from AMPTE/CCE by 0.5 Rs in the radial direction and 0.5 hour in magnetic local time (MLT) .
In addition, we examine an AMPTE/CCE and SCATHA conjunction event that took place on August 30 (day 242), 1986. In this event the separation between AMPTE/CCE and SCATHA was even smaller, only 0.4 Rs. These fortunate opportunities allow us to address the spatial as well as the temporal characteristics of the magnetic fluctuations. In section 2
we describe these two substorm events and the results of the fractal analysis. In section 3 we discuss the timescale and spatial scale of the magnetic fluctuations and address constraints that the present study can place on substorm trigger models. Section 4 is a summary.
Observations
equatorial plane. AMPTE/CCE was at r (radial distance) = 8.1 R•r and MLT = 23.5, whereas SCATHA was at r = 7.6 R•r and MLT = 0.0. The magnetic latitudes of AMPTE/CCE and SCATHA were -2.3 ø and -2.9 ø, respectively. The satellite separation was 0.5 Rs in radial distance and 0.5 hour in local time. Before the commencement of the magnetic fluctuations, at AMPTE/CCE the V component was persistently negative, and its magnitude was very similar to that of the H component, whereas at SCATHA the magnitudes of both V and D components were only a few nanoteslas. It is therefore inferred that AMPTE/CCE was close to, but off, the magnetic equatorial plane, while SCATHA was at the magnetic equator. Since AMPTE/CCE and SCATHA were separated by only a few tenths of a degree in the magnetic latitude, the difference in the magnetic inclination at the two satellite positions suggests that the tail magnetic field was extremely stretched before the mag- Second, when the magnetic fluctuations started at AMPTE/ CCE, the H component started to decrease at SCATHA, where the onset of magnetic fluctuations was delayed from the onset at AMPTE/CCE by a few tens of seconds. This H decrease at SCATHA may be interpreted in terms of the further stretching of the tail magnetic field outside of a substorm wedge current system; note that the separation between AMPTE/CCE and SCATHA is mostly in the azimuthal direction (Figure 1) . Third, the amplitude of the fluctuations was significantly larger at AMPTE/CCE than at SCATHA. The H component turned negative many times at AMPTE/CCE, whereas it remained positive at SCATHA. Note also that the V component changed its sign frequently at AMPTE/CCE. These facts indicate that something very dynamic happened at AMPTE/CCE. Considering the second point and the timing relative to the ground Pi2 onset, we infer that AMPTE/CCE was located in the onset region and that SCATHA was slightly away from the onset sector. 2.1.2. Magnetic fluctuations. The procedure of the fractal analysis we adopted for this study was developed by Higuchi [1988, 1990] ; the basic idea of the method is also described in paper 1. The method consists of two parts. Assume that X(t) is a one-dimensional sequential data set. The first part of the analysis is to calculate the length L of X(t), which is defined as the summation of absolute values of differences between two measurements separated by a timescale 'r, then divided by 'r: L('r) = {• IX(t q-'r) -X(t)l}/'r (see Higuchi [1988 Higuchi [ , 1990 ] for the precise expression). Therefore L is a function of 'r' L = L('r). In the following, L is divided by the interval of an analyzed period so that we can compare L for different periods. The second part is to examine the dependence of L('r) on 'r. It is known that L('r) is often described as a power of 'r, that is, L('r) • 'r -ø. In such a case the plot X(t) is self-affine, and the power spectrum density of X(t), P(f), is also described as a power of frequency, that is, P(J) • f-% where a is related to D as a = 5 -2D. D is referred to as fractal dimension. If X(t) has a characteristic timescale Tc, the doubly logarithmic plot of L('r) versus 'r has a kink at 'r = %. Tc is 3-5 times %, Tc = 3 ~ 5% [Higuchi, 1989] . The parameters such as D and % are determined by the least squares fit in this study.
In paper 1 we applied the fractal analysis to the AMPTE/ CCE measurements during the interval of 1152:45 to 1154:15 UT, which is after the commencement of the magnetic fluctuations but before the appearance of the higher-frequency variations (Figure 3) . We found that the L versus 'r plot of the H component has a kink at 4 s. Bz tended to decrease before the first Bz increase, indicating that the tail magnetic field was stretched during the substorm growth phase. The larger magnitude of the Bz decrease at AMPTE/CCE does not mean that the stretching was localized around that satellite, but it is mostly ascribed to the outward movement of the satellite; AMPTE/CCE was at X = -6.05 Roe at 0900 UT. At AMPTE/CCE energetic particle fluxes [Lui et al., 1992, Plate 3] started to increase at 0949 UT. The Z cornponent never turned southward at either satellite. In contrast to the August 28, 1986, event, both AMPTE/CCE and SCATHA X components continued to be positive except during several short (less than a few seconds) intervals (see also Figures 8 and 9) , indicating that the two satellites stayed off the equatorial plane during most of the interval of the magnetic fluctuations. Table 1 
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Summary of Observations
Discussion
In section 2 we examined substorm-associated magnetic variations observed by the AMPTE/CCE and SCATHA spacecraft on August 28 and 30, 1986. In these events the local magnetic fi61d changed from a stressed to a more ',tipolaf configuration in the course of the magnetic fluctuations, suggesting that the magnetic fluctuations are associated with tail current disruption. In the following we will discuss the timescale and spatial scale of the fluctuations and will address what constraint the result of the present study can place on modeling studies of the substorm trigger.
This study, as well as paper 1, revealed that the magnetic fluctuations do have a characteristic timescale, which is a few to several times the proton gyroperiod. One may attempt to interpret the magnetic fluctuations in terms of ion cyclotron waves. However, this idea is not supported because the linear kinetic theory indicates that the ion cyclotron instability has maximum growth at parallel propagation, for whidh an excited wave is not compressional [e.g., Gary, 1992] . This is not consistent with the significant variations of the total field strength observed during the event (Figures 2 and 3) .
Although the present result suggests that ions play an important role in the generation of the magnetic fluctuations, what
determines the characteristic timescale is still to be understood.
In events 1 and 3 the timescales were practically the same at AMPTE/CCE and SCATHA. In contrast, in event 2 the difference in the timescale at the two satellite positions was significant (Figure 8b ) despite the small satellite separation, 0.4 Roe; 'r c was 2.8 s and 5.1 s at SCATHA and AMPTE/CCE, respectively. We also note that the background field strength was w6aker and therefore the gyroperiod was longer in event 1 than in event 3, whereas 're was smaller in event 1. These results in- events (paper 1). Thus we infer that electric currents associated with these fluctuations flow in various directions but flow preferentially perpendicular to the H axis, that is, parallel to the tail current sheet. Since the peak-to-peak amplitude of the H component variation at AMPTE/CCE is several tens of nanoteslas, which is comparable to the net H increase associated with the tail reconfiguration (dipolarization), the local variation of the cross-tail current must be substantial. Considering that a substorm onset is generally characterized by an increase in the H component farther earthward at geosynchronous altitude [e.g., Kokubun and McPherron, 1981] , we infer that these perturbation currents are actually related to changes in the crosstail current intensity.
From these results we suggest that the tail current disruption is described as a system of filamentary electric currents, which flow in various directions but flow preferentially antiparallel to the cross-tail current. This idea is schematically depicted in by a local condition in the magnetosphere. However, we emphasize that this fact does not lessen the importance of the ionosphere for the substorm processes. It is perhaps true that the local condition is determined by more global processes in which the ionosphere plays an important role. We also note that the intensity of a substorm following the onset is likely to depend on ionospheric conditions such as conductivities [e.g., Kan et al., 1988] .
There are two substorm trigger models in which the kinetics of ions play an essential role. One of them, to which theorists have paid more attention than any other substorm model, is the tearing mode instability. Schindler [1974] proposed that ions are unmagnetized near the neutral sheet because their Larmor radius is comparable to the field line curvature radius, and such ions destabilize the (ion) tearing mode. It is suggested that the instability strongly depends on the behavior of electrons, such as pitch angle scattering by waves [Coroniti, 1980; Kuznetsova and Zelenyi, 1991] In closing, we note that this study was motivated by the AMPTE/CCE observations of the magnetic fluctuations associated with the substorm trigger. Such magnetic fluctuations may be associated with every substorm onset but can be observed only occasionally because of the limited spatial coverage of the satellite observation. However, it is also possible that the magnetic fluctuations represent only one class of substorms and that there are different classes of substorms that are triggered by different instabilities, including MHD instabilities such as the ballooning instability. We need to be cautious when applying the result of this study to other substorm events.
Summary
In this study we examined magnetic fluctuations observed by the AMPTE/CCE and SCATHA satellites in the near-Earth magnetotail during the August 28 and 30, 1986, substorm events. We confirmed the finding of our previous study (paper 1). That is, (1) the magnetic fluctuations do have a characteristic timescale, which we found to be a few to several times the proton gyroperiod, and (2) the amplitude of the H (Z) component fluctuation is larger than but does not overwhelm the amplitudes of the fluctuations of the other components. The first point suggests that ions play an important role in the excitation of the magnetic fluctuations, and the second point indicates that associated electric currents flow preferentially parallel to the equatorial plane.
The comparison between the AMPTE/CCE and SCATHA observations allowed us to address the spatial scale and development of the magnetic fluctuations. Despite the small satellite separation, which is less than 10 times the proton gyroradius, the coherence between the AMPTE/CCE and SCATHA measurements was found to be low for the August 28, 1986, event (event 1). In the first event of August 30, 1986 (event 2), even the characteristic timescale was different at the two satellite locations, whereas some similarities were found between the AMPTE/CCE and SCATHA Bz signatures for the second event of August 30, 1986 (event 3), which may be interpreted in terms of earthward plasma convection. We also found that the two satellites observed a noticeable time delay of the commencement of the magnetic fluctuations. The apparent propagation velocity was significantly smaller than the phase velocity of the fast magnetosonic mode. Therefore the observed magnetic fluctuations cannot be regarded as a remote effect of a change in the current intensity that took place away from the satellites. These results strongly suggest that the magnetic fluctuations are excited locally and that the characteristic scale of the fluctuations is of the order of the proton gyroradius or even shorter. We infer that the tail current disruption is described as a system of filamentary currents that flow in various directions but flow preferentially antiparallel to the tail current. Effects of such perturbation currents are canceled out away from the current disruption region so that the resultant magnetic signature, which is often called dipolarization, is well described in terms of the reduction of the tail current intensity. Although this study does not identify the trigger mechanism of the tail current disruption, we infer that the tail current disruption is a local and kinetic process in which ions play an important role.
